The 3-HMG-CoA reductase inhibitors, referred to as statins, are one of the most potent lipid lowering drugs. They significantly reduce incidence of cardiovascular mortality and morbidity. Data from clinical trials and experimental evidence suggest that the observed benefits can be attributed in part to their cholesterol-lowering independent effects. Statins lower the level of hs-CRP, an important inflammatory marker, thereby reducing the risk of stroke and cardiovascular events. The need for routine assay of hs-CRP is advocated in identifying patients at risk, that may benefit from statin therapy.
Inflammatory cell adhesion and endothelial function are regulated by statins. Statins have been shown to decrease risk of cardiovascular disease by a novel anti-inflammatory mechanism independent of cholesterol manipulation. The reduction in lesion progression achieved in atherosclerotic plaque cannot be fully explained by cholesterol lowering alone, but could be related to thrombogenicity and anti-inflammatory effects [1] [2] [3] . The inflammatory response, though intended to combat the plaque, actually renders it less stable and more prone to rupture, predisposing to increased risk of cerebrovascular accident and coronary heart disease. High sensitivity C-reactive protein (hs-CRP), though a non-specific measure of inflammation, its elevation is an important predictor of heart attack; particularly in individuals without any previous incidence of heart attack. High sensitivity C-reactive protein (hs-CRP) is an important indicator of low grade systematic inflammation. 4 Studies have shown that C-reactive protein levels are reduced by statins [5] [6] [7] . This review highlights the anti-inflammatory effects of statins and the underlying mechanisms, emphasizing the link with atherosclerosis.
Anti-inflammatory Effects of Statins and Underlying Mechanisms
Statins have been shown to regulate inflammatory cell adhesion and endothelial function. Statins inhibit the expression of ICAM-1 (intracellular adhesion molecule) on human monocytes 8 and prevent lipopolysaccharide (LPS)-induced ICAM-1 expression in endothelial cells via inhibition of Rho activity 9 . Furthermore, statins decrease CD11b-dependent adhesion of monocytes stimulated or not, with monocyte chemoattractant protein-1 (MCP-1) 10 and reduce the leukocyteadherence responses to platelet-activating factor and to leukotriene B4 in hypercholesterolemic rats 11 . Also statins block the adhesion of lymphocytes mediated by leukocyte function antigen-1 (LFA-1), a B2 integrin expressed on leukocyte surface that binds to ICAM-1 12 . Statins decrease the expression of chemoattractant molecules MCP-1 and interleukin-8 13 . As a consequence, there is a reduction in macrophage infiltration and MMP-3 expression. The mechanism of the reduction of MCP-1 and IL-8 expression seem to be due to a decrease in the activation of nuclear factor-κB (NF-κB). This redox-sensitive transcription factor is involved in the transmission of various signals from the cytoplasm to the nucleus of numerous cell types 14 . It is found in the cytosol as a trimer consisting of p50 and p65 subunits bound to its inhibitor IκB. The release of IêB from the trimer results in the migration of the p50/65 heterodimer to the nucleus and subsequent DNA binding 15 . This process activates genes involved in the immune, inflammatory or acute phase response, chemoattractant cytokines like MCP-1 and IL-8, pro-inflammatory enzymes such as cyclooxygenase-2 (CoX-2) and procoagulant proteins as tissue factor (TF) and plasminogen activator inhibitor-1 (PAF-1) 16, 17 . Data strongly suggest that NF-κB could be involved in inflammatory response 18 since it participates in the dysregulation of vascular smooth muscle cells (VSMC) in inflammation 19 and is present in the nuclei of macrophages and endothelial cells 20 . Cyclooxygenase-2 expression is reduced also by statin treatment. This isoform of cyclooxygenase enhances the production of the chemoattractant prostaglandin E 2
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. The blockade of cell recruitment into the vessel wall by statins are reinforced by further studies. Statin treatment is reported to retard enlargement of plaque size and reduces macrophage accumulation in watanobe heritable hyperlipidemic rabbits 22 . Furthermore 23 , study demonstrates that statin treatment reduces the macrophage infiltrate and the expression of MMP-1, MMP-3, MMP-9 and tissue factor in the same model and decreases macrophage proliferation and proteolytic activity due to MMP-9 in human macrophages in vitro. The same group demonstrated that statins reduce MMP-3 and MMP-9 expression in the absence of modifications of the macrophage infiltrate, suggesting a reduction in their expression 24 . However, it has been demonstrated in an experimental design allowing the investigation of the effects of statins in human subjects; the presence of less macrophages and T cell infiltration, reduced MMP-2 expression as well as higher immunoreactivity for tissue inhibitor of MMP-1 25 . Different markers of inflammation have been studied to analyze the effects of statins on inflammatory states. In particular, high-sensitivity C-reactive protein (hs-CRP) reflects low-grade systemic inflammation 4 . Human studies have demonstrated that statins are able to reduce CRP serum levels in hyperlipidemic patients [5] [6] . other inflammatory molecules are affected by statins. Serum MMP-9 levels which have been found to increase during acute coronary syndromes 27 , are decreased by statins in clinically healthy men, reflecting the reduction of non-symptomatic chronic arterial inflammation 28 . Hypercholesterolemic individuals treated with simvastatin show a reduction in the levels of the pro-inflammatory cytokines, tumour necrosis factor alpha (TNF-a) and interleukin-1β (IL-1κ) 29, 30 . The activity of the transcription factor NF-κB in circulating leukocytes is enhanced in patients with unstable angina and in healthy volunteers after a fat-enriched meal 31, 32 . Treatment with simvastatin reduces this activity in mononuclear circulating cells. It has been noted, in human studies, that hypercholesterolemia upregulated the pro-inflammatory receptor CD40 and its ligand CD40L 33 . It has been demonstrated that oxidized LDL increases NF-κB activation and MMP-9 expression in cultured human monocyte-derived macrophages 34 . Also CD40L expression and IFN-γ production are enhanced by lysophosphatidylcholine in human CD4 + T cells 35 . It has been demonstrated that reducing lipid levels only by dietary modification decreases the expression of CD40 and CD40L, co-localizing with a reduction of tissue immunoreactivity 36 . Also, a diminution of macrophage infiltrate, MMP-1 expression and proteolytic activity are observed in the same model 37 . Data accumulated over the years have suggested that some effects of statins, could be independent of their lipid-lowering ability. This is supported by clinical studies such as the woSCoPS (west of Scotland Coronary Prevention Study Group) study, where evidence shows that patients on statins had fewer coronary events than those on placebo who had similar LDL levels 38 . The reduction of CRP (C-reactive protein) serum levels achieved by different statins is not related to the decrease in lipid levels 7, 39, 40 . It has been demonstrated that increment in CRP levels has a predictive value of the possibility of an acute coronary event 41 . A study reported decrease in macrophage infiltration in atherosclerotic monkeys after treatment with statins and diet manipulation to avoid changes in serum lipid levels 42 . Simvastatin has been found to reduce inflammation in a model of carrageenan-induced foot-pad edema in mice 43 . Simvastatin also has been found to reduce leukocyte rolling and adherence in rats 44 and apolipoprotein E-deficient mice 45 . It has been found that the lipidindependent effects of these agents are related to the inhibition of other isoprenoid intermediates of the cholesterol biosynthetic pathway, such as farnesyl pyrophosphate (FPP) and geranyl-geranyl pyrophosphate (GGPP) 46 . FPP and GGPP are used for the post-translational modification of several important cell proteins including nuclear lamins, heme-a, the γ-subunit of heterotrimeric G proteins and small G proteins such as Ras and Ras-like proteins 47 . The attachment of an isoprenoid residue to those proteins is necessary for their anchorage to the cell membranes and full functionality. Statins inhibit Ras and Rho isoprenylation leading to the accumulation of their inactive forms in the cytoplasm 48 . These proteins are implicated in different functions in the cells such as gene expression, organization of the actin cytoskeleton, membrane trafficking, programmed cell death, proliferation and transformation 49, 50 . Inhibition of Rho can affect intracellular transport, membrane trafficking, mRNA stability and gene transcription 51 . Thus, it has been seen that statins directly reduce the expression of MCP-1 and IL-8 as well as . Treatment with statins can modulate pro-inflammatory cytokines expression such as IL-1β, IL-6 and CoX-2 by up-regulating the peroxisome proliferator activated receptor-a in endothelial cells 53 . Activator Protein-1 (AP-1) activation is decreased by statin treatment in renal epithelial tubular cells 54 . Simvastatin, in addition, increases the activation of the octamer transcription factor oct-1 in mononuclear cells which represses the transcription of pro-inflammatory genes such as IL-8, CDIIc/CD18, VCAM-1 and PECAM-1 55 . It has been shown that inhibition of VSMC proliferation is correlated with increase in the level of cyclin-dependent kinase inhibitor and is related with the inhibition of Rho A isoprenylation 56 . Antiproliferative effects of statins in animal models without significant changes in serum cholesterol concentrations have also been reported 57, 58 . Additionally, in patients treated with statins, there is decreased proliferation of VSMC in vitro 59 . It has been demonstrated that lipophilic statins induce apoptosis of VSMC in culture and this effect is related to the interference of protein isoprenylation 60 . Statins may alter the local fibrinolytic balance within the vessel wall toward increased fibrinolytic capacity, which is related to the inhibition of PAI-1 expression from VSMC and endothelial cells 61 .
ConClUSion
Statins possess anti-inflammatory properties independent of their cholesterol lowering effects. Significant reduction in cardiovascular events and stroke is attributable to statin therapy particularly in individuals at risk with elevated high sensitivity C-reactive proteins (hs-CRP). Experimental evidence both in vivo and in vitro , clearly suggest that anti-inflammatory effects of statins may contribute to plaque stabilization. Hence, routine assay of inflammatory markers such as hs-CRP is invaluable in identifying individuals at risk that may benefit from statin therapy. 
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